In a search for methods for subtyping of Bartonella henselae in clinical samples, we amplified and sequenced a 701-bp region in the 3 end of the ftsZ gene in 15 B. henselae isolates derived from cats and humans in the United States and Europe. The ftsZ sequence variants that were discovered were designated variants Bh ftsZ 1, 2, and 3 and were compared with 16S rRNA genotypes I and II of the same isolates. There was no ftsZ gene variation in the strains of 16S rRNA type I, all of which were Bh ftsZ 1. The type II strains constituted two groups, with nucleotide sequence variation in the ftsZ gene resulting in amino acid substitutions at three positions, one of which was shared by the two groups. One 16S rRNA type II isolate had an ftsZ gene sequence identical to those of the type I strains. Variants Bh ftsZ 1 and 2 were detected in tissue specimens from seven Swedish patients with diagnoses such as chronic multifocal osteomyelitis, cardiomyopathy, and lymphadenopathy. Patients with similar clinical entities displayed either Bh ftsZ variant. The etiological role of B. henselae in these patients was supported by positive Bartonella antibody titers and/or amplification and sequencing of a part of the B. henselae gltA gene. B. henselae ftsZ gene sequence variation may be useful in providing knowledge about the epidemiology of various B. henselae strains in clinical samples, especially when isolation attempts have failed. This report also describes manifestations of atypical Bartonella infections in Sweden.
The genus Bartonella comprises four species established as human pathogens, namely, B. henselae, B. quintana, B. elizabethae, and B. bacilliformis. B. henselae was first isolated in 1992 (22) and has been implicated in the etiology of cat scratch disease (CSD) (23) , bacillary angiomatosis (BA) (14) , hepatic peliosis (30) , endocarditis (10) , and fever and bacteremia (29) ; B. quintana has been implicated in the etiology of trench fever (fever, rash, bone pain, and splenomegaly) (32) , BA (14) , and endocarditis (21) ; B. elizabethae has been implicated in the etiology of endocarditis (7); and B. bacilliformis has been implicated in the etiology of Carrion's disease, which consists of an acute hemolytic anemia (Oroya fever), followed by the emergence of vascular proliferative lesions (verruga peruana) resembling those seen in BA (3) . Less common clinical manifestations caused by Bartonella species include osteomyelitis (24) , myocarditis (11) , fever of unknown origin in children (12) , and Parinaud's oculoglandular syndrome (3) .
The fastidious nature of this organism is a problem in clinical practice since isolation usually is difficult and time-consuming, consequently delaying the patient's diagnosis. Therefore, diagnosis is reliant upon serological methods, currently, the indirect immunofluorescence assay (IFA) or Western blotting, or the detection of the bacterial DNA in tissue specimens by PCR and sequencing. The drawbacks of IFA include problems with cross-reactivity between different species of the same genus and between more distantly related species of other genera (17, 18) . A species-specific serological method is not available. Consequently, detection to the species level requires additional methods. Also, variations in the antigenicities between B. henselae isolates, which might result in false-negative results for serum samples (8) , and a chronic form of B. quintana infection with the absence of seroconversion have been reported (5) .
The use of the cell division protein FtsZ as a means of differentiating Bartonella species was recently described (13) . The ftsZ gene encodes a protein that plays an important role in bacterial cell division. In contrast to most FtsZ proteins currently characterized in other bacteria, the FtsZ proteins of different Bartonella species are nearly twice as large, with an additional part at the C-terminal end (13, 20) . A comparison of the Bartonella ftsZ genes in the region encoding the C-terminal region of the protein shows that it has a higher degree of sequence divergence than the part of the gene encoding the N-terminal region. Padmalayam et al. (20) showed that sera from patients with verruga peruana (systemic bartonellosis) caused by B. bacilliformis strongly react with epitopes located in the C-terminal part of the protein. Amino acid sequence differences in this part of the gene might, consequently, mirror antigenic variants. Kelly et al. (13) used the 3Ј-end sequence variations between B. henselae, B. quintana, and B. bacilliformis to design species-specific PCR assays.
Humans have been shown to acquire infection from cats (B. henselae) or via insect vectors (B. quintana and B. bacilliformis) (3) . However, the epidemiology of Bartonella infections remains incompletely understood. For example, questions such as whether different subspecies have divergent pathogenic potentials need to be elucidated. To achieve this, techniques that allow subtyping of strains in clinical samples are required. Sander et al. (27) compared different DNA fingerprinting techniques for molecular typing of B. henselae isolates derived from cultures of blood from domestic cats. Three main variants among the cat isolates were identified. These data suggest wide genetic variation among B. henselae strains.
When isolation fails, subtyping of Bartonella strains is sometimes more difficult. Bergmans et al. (4) used the 16S rRNA gene and 16S to 23S rRNA gene spacer region in studying DNA extracted from pus aspirates and lymph nodes from patients with CSD. They concluded that two different variants of B. henselae were predominant in immunocompetent patients with CSD in The Netherlands, namely, type I and type II. It has been suggested that genotype I could be more pathogenic for humans than genotype II and that the two genotypes are unevenly distributed geographically (26) . Because of the high degree of conservation in the 16S rRNA gene, there is always a risk of amplifying non-Bartonella DNA. In order to achieve a higher degree of specificity for Bartonella detection, genes with greater degrees of sequence divergence are desired targets for PCR amplification, e.g., gltA (19) , htrA (2), and ftsZ (13) . However, these genes have not been reported to be able to differentiate different strains within the species B. henselae.
We have investigated the possibility of using the Bartonella ftsZ gene as a target for PCR amplification and subsequent sequencing of DNA extracted from clinical specimens as a means of subtyping of strains within the species B. henselae. We have amplified and sequenced a part of the ftsZ gene in 15 different B. henselae isolates, and these data were correlated to 16S rRNA genotypes I and II of the same isolates and compared to the ftsZ sequences discovered in clinical samples from seven Swedish patients.
(This study was presented in part at the First Congress of the European Society for Emerging Infections, 13 to 16 September 1998, Budapest, Hungary.) Table 1 ). The bacterial strains were grown for 2 weeks on Columbia blood agar containing 5% whole horse blood at 35°C in 5% CO 2 .
MATERIALS AND METHODS

Bacterial
Clinical samples. Tissue and blood samples from six Swedish patients and a blood sample from a cat belonging to a patient with Parinaud's oculoglandular syndrome were obtained.
Extraction of DNA from bacterial strains and clinical samples. Total genomic DNA was extracted from the B. henselae strains and from the blood and tissue samples with the Qiagen QIAamp Tissue Kit (QIAGEN, Inc., Chatsworth, Calif.) according to the manufacturer's instructions. Between 10 and 25 mg of tissue and 200 l of whole blood were used. The samples were strictly handled separately under sterile conditions to avoid the risk of cross contamination between different samples. DNA was precipitated in all samples with ethanol for additional purification. A total of 100 l of elution buffer was used to resuspend the precipitated DNA.
Oligonucleotide primers. See Table 2 for the oligonucleotide primers used in the study.
PCR amplification. PCR amplifications were performed with a PCR Master kit from Boehringer Mannheim Scandinavia AB (Bromma, Sweden). The 50-l reaction mixture consisted of the template, forward and reverse primers (10 pmol/primer), 25 l of the PCR master mixture and distilled water of PCR grade up to 50 l, giving a final concentration of 1ϫ PCR buffer, 2.5 U of Taq DNA polymerase in 0.005% Brij 35, dATP, dCTP, dGTP, and dTTP each at a concentration of 0.2 mM, 10 mM Tris-HCl, 50 mM KCl, and 1.5 mM MgCl 2 . A Perkin-Elmer GeneAmp 9600 thermocycler was used for all amplifications.
For 16S rRNA gene amplification the parameters consisted of 3 min at 95°C, For amplification of the ftsZ genes from the isolates, the parameters consisted of 3 min at 94°C, followed by 40 cycles at 94°C for 1 min, 49°C for 1 min, and 72°C for 1 min, followed by a 5-min extension at 72°C. The products were stored at 4°C until they were further processed.
Seminested PCR protocols for amplification of the Bartonella gltA and ftsZ genes were applied for the clinical samples. In the first reaction, the protocol for the 16S rRNA amplification described above was used. Primers Bh ftsZ 965.p and Bh ftsZ 1754.n were used for ftsZ amplification, and primers BHCS212.p and BHCS897.n were used for gltA amplification. The products were stored at 4°C until they were further processed. In the second reaction, 1 l of the PCR product from the first reaction was used as the template for two separate seminested PCRs, in which the program for amplification of the ftsZ genes of the isolates described above was used. For ftsZ gene amplification, primer pairs Bh ftsZ 965.p-Bh ftsZ 1393.n and Bh ftsZ 1247.p-Bh ftsZ 1754.n were used, and for gltA amplification primer pairs BHCS212.p-BHCS613.n and BHCS510.p-BHCS897.n were used. The products were stored at 4°C until they were further processed.
Measures were taken to prevent PCR carryover contamination. Different rooms were used for preparation of the template DNA, mixing of the PCR reagents except the template, addition of the template for the first reaction, and addition of the PCR product for the subsequent reaction. Single PCR tubes and filter tips were used, and protective gloves were changed repeatedly. All reactions comprised tests for positive and negative controls, which were treated the same as the clinical samples.
Gel electrophoresis and purification of PCR products. PCR products were electrophoresed through a 1% agarose gel containing ethidium bromide in Tris-borate buffer. The DNA was detected on a UV transilluminator and photographed.
Single PCR products of the expected size compared to a DNA size marker were purified by using the QIAQUICK PCR purification system from QIAGEN, Inc., by following the manufacturer's instructions.
DNA sequencing. The nucleotide sequences on both strands were obtained by the methods of Sanger et al. (28) Partial primary ftsZ sequences of the three variants, Bh ftsZ 1, 2, and 3, were aligned with each other and with the corresponding ftsZ sequences of B. bacilliformis and B. quintana published previously by using version W of the CLUSTAL multisequence alignment program (31) . A total of 500 bootstrap samples were produced by using the Phylo Win package (9) . A matrix of evolutionary distances was derived from each bootstrap alignment by using the assumptions of Jukes and Cantor.
IFA. Serum samples were analyzed by IFA for immunoglobulin G reactivity against crude antigens of B. henselae Houston-1 (ATCC 49882), B. quintana OK 90-268, and B. elizabethae R2798 as described previously (11) . 
RESULTS
B. henselae isolates. (i) 16S rRNA gene sequence variation.
PCR amplification of part of the 16S rRNA gene with the broad-range PCR primers 16SF and 16SR resulted in single products of the expected size. These products were purified and sequenced. Weak amplification products were detected on a few occasions for the negative controls. Purification and sequencing of these PCR products did not result in any readable sequence data. The existence of two variants according to the 16S rRNA sequence analysis was confirmed. Nine of 15 strains belonged to type I, and the remaining 6 belonged to type II (Table 1) . The results were consistently repeated.
(ii) ftsZ gene sequence variation. The PCR amplification resulted in single products, which were purified and sequenced.
Positive controls were always positive. Amplification products were never detected for the negative controls. Three ftsZ variants among the B. henselae isolates were revealed. The results were consistently repeated. The variants were designated Bh ftsZ 1, 2, and 3 and were given the accession numbers AF161249, AF161250, and AF161251, respectively. Nucleotide sequences (iv) Phylogeny of partial Bartonella ftsZ sequences. A phylogenetic tree was constructed from the distance matrix by the neighbor-joining method. This tree was compared with a phylogenetic tree inferred by using the maximum parsimony method (Fig. 1 ). An Intra-B. henselae phylogeny was not quite statistically supported (82 and 90% of 500 bootstrap samples for the neighbor-joining and maximum parsimony methods, respectively), although the neighbor-joining and maximum parsimony methods gave identical topologies. Within the genus, three well-supported branches were identified for B. henselae, B. quintana, and B. bacilliformis on the basis of previously published sequence data corresponding to the partial B. henselae ftsZ sequence within the region of PCR primer design.
Clinical samples. Clinical, epidemiological, and demographic data, specimen source, diagnostic test results, treatment, and outcome data for seven Swedish patients are summarized in Table 3 . 
DISCUSSION
In the study described in this report we characterized partial sequences of the 16S rRNA and ftsZ genes of 15 B. henselae isolates. The sequences were aligned to detect nucleotide sequence differences, and the results from the 16S rRNA and ftsZ sequence alignments were correlated. We confirmed the existence of two different 16S rRNA gene variants as previously reported by others (4) Clinical samples from seven Swedish patients with cardiomyopathy (n ϭ 2), osteomyelitis (n ϭ 2), lymphadenopathy (n ϭ 2), and Parinaud's oculoglandular syndrome (n ϭ 1) were analyzed for signs of Bartonella infection. Among these, four specimens contained a Bh ftsZ 1 variant and three specimens contained a Bh ftsZ 2 variant. Either ftsZ variant was found to cause cardiomyopathy, osteomyelitis, and lymphadenopathy. The serological response to Bartonella antigens was low or negative in the patient sera tested. Antigenic variation among B. henselae strains (8) and low-grade challenge of the infecting agent leading to evasion of the host's immune defense, low antibody response, and chronic Bartonella infection (5, 16) are possible explanations for the positive PCR results and negative serology seen in our patient material.
The B. henselae ftsZ gene region encoding the C-terminal part of the protein was chosen in this study since it is more variable in interspecies comparisons than the 5Ј-end region. Also, antigenic epitopes responsible for the elicited immune response to the B. bacilliformis FtsZ protein are located in the C-terminal part of the protein, as demonstrated by Padmalayam et al. (20) . The nucleotide sequence positions that differ between the Bh ftsZ 1, 2, and 3 variants (Fig. 1 ) resulted in different amino acids at three positions, one of which was common for Bh ftsZ 2 and 3. Only one of four base differences was a silent substitution. The large percentage of base differences that result in amino acid substitutions and the shared substitutions of many isolates raise the question of whether the amino acid sequence variation might be due to a selective pressure, e.g., from the reservoir host's immune response, and also whether the C-terminal part of the B. henselae FtsZ protein has antigenic properties in humans.
The 16S rRNA genotypes I and II are assumed to represent two different lineages of B. henselae because of the high degree of conservation of the 16S rRNA gene. This is also compatible with the Bartonella ftsZ phylogeny. The intra-Bartonella architecture of trees inferred from ftsZ sequence data by using both distance matrix and parsimony methods had statistically wellsupported lineages within the genus with the same topologies (Fig. 1) . Interestingly, isolate 3507 displayed a type II 16S rRNA sequence, whereas it contained a Bh ftsZ 1 variant. This might suggest a lateral transfer of genes or convergent evolution. In a study by Sander et al., (27) , different fingerprinting methods were applied to the examination of the genetic heterogeneity of B. henselae isolates. Four main variants were proposed. Three of the isolates from that study, as well as reference strain B. henselae Houston-1, were included in our study. We confirmed the results of 16S rRNA typing. The Bh ftsZ 3 variants, comprising strains FR96/BK3, FR96/BK77, and FR96/BK78, were also grouped together in their study. However, FR97/K7 and B. henselae Houston-1 were indiscernible in our study, with identical 16S rRNA and ftsZ sequences, whereas they diverged into two variants in the German study.
In this study, we have also used the ftsZ gene as a target for a diagnostic PCR with clinical samples, and we have identified B. henselae as the etiologic agent in two immunocompetent patients with cardiomyopathy and two immunocompetent patients with multifocal osteomyelitis. These are unusual manifestations of Bartonella infections. Holmberg et al. (11) amplified and sequenced the gltA gene of B. quintana from the myocardial tissue of a 60-year-old Swedish male with fatal myocarditis. Others have also reported on myocarditis associated with Bartonella infections (15; E. B. Breitschwerdt, C. Atkins, and T. Brown, First Int. Conf. Bartonella as Emerging Pathogens, Poster 3, 1999) . Chronic recurrent multifocal osteomyelitis is a disease of unknown etiology, is characterized by recurrent attacks of subacute inflammation involving multiple skeletal regions, and usually pursues a self-limiting course (6) . Osteomyelitis occurs as a complication of CSD in 0.3% of patients and may affect any bone (3) . In a previous report B. henselae has been verified as the etiologic agent of the osteolytic lesions (24) .
A larger collection of isolates is needed to confirm our results. An increasing number of B. henselae isolates is expected to be available for further studies. We suggest that the ftsZ gene sequence variation in the 3Ј end may prove to be a useful tool for study of the intraspecies phylogeny and epidemiology of B. henselae.
